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Effects of Glutamine on the Blood Index and Intestinal Mucosal
Barrier in Heat Stressed Jilin White Goose

XU Juan, SUN Huilei, ZHONG Qingzhen

(Jilin Provincial Key Laboratory of Animal Nutrition and Feed Science, College of Animal Science and Technology,

Jilin Agricultural University, Changchun 130118, China)

Abstract: [ Purpose] To investigate the effects of glutamine (Gln) on the blood index of Jilin white
goose under heat stress and its protective effect on the intestinal epithelial mucosal barrier
system. [ Method ] A total of 180 1-day-old Jilin white geese were randomly divided into three treat-
ment groups: control group (CON), heat stress group (HS) and glutamine group (GLN), in a com-
pletely randomized design 6 replications with 10 geese in each replication. On the 69" day, geese in
the CON group and the HS group were intraperitoneally injected with normal saline [0.75 g/kg (bw)],
and those in the Gln group with Gln [0.75 g/kg (bw)]. After 24 hours, the geese in the HS group and
the Gln group were subjected to heat stress treatment for 4 hours (41 “C+1 °C, relative humidity 60%),

and then slaughtered. Blood sample were collected for the deamination of diamine oxidase (DAO), D-
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lactic acid (DLA), lactate dehydrogenase (LDH), corticosterone (CORT), creatine kinase (CK), triiod-
othyronine (T3), and thyroid (T,) activity. The relative expression levels of HSP70, Occludin, Claud-

in 1 and ZO-1 mRNA were determined by scraping the jejunal epithelial mucosa. [ Results ] (1)

Compared with the HS group, the GLN group showed a downward trend in the blood except T;. (2)
GLN induced high expression of HSP70 mRNA (P<0.01), and improved the expression of tight junc-

tional mRNA under heat stress (P<0.01). (3) The trend of relative expression levels of proteins is sim-

ilar to that of genes. [ Conclusion ] Gln can effectively alleviate the heat stress state of Jilin white

goose, and significantly improve the damage to intestinal epithelial mucosal barrier.

Keywords: glutamine; HSP70; intestinal permeability; heat stress

& BB ISR R R G ) 5 AU R R
NP, X FEZEBEARSE . miRJE R
WEMEE TSR, BRI Rt A=t s
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BB R BN o B A 1) ) o Al
AW EREA, FEEHAHEA (Claudin),
e A5 H ) (Occludin) KA LK 6 1 (ZO)™,
H Claudin 5 Occludin JE B AR FH, X 5B
J3 W g i T 4 A R R % 0 1Y) S R T A AR
H, FFH occludin B MRS5S EpE RS,
ZO [ S 2O-1, Z20-2 fiE5 Occludin AL )
HIEAE (actin) 7 —EIE URE WEHERS,
BRI A Ry, ZO-1 X R
UiRe A EE R L, LA ZO-1 nJAE AL b
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(213 7RI R iR vy O (IR N 77 TE NIVA S €S 1]
B A ML (glutamine, Gln) #{ESE 0] Ff 7 HES
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1.1 R iE SR %t

PEHUARR 1 H MRS 180 K, BlHLT N
3ANARBRAL, 43R IE AL (CON). #A  41
(HS) MR B4 (GLN), A4 6 MEE, 81
B 10 JE, WHHETHECN, ARRERPIOK.,
Bl H WS R BG S, B HE A FR IR ER T &R 22 C+
1 Co fFIAFEE 69 HitHF, CON 415 HS 44357
T J A S AR R K, GLN ZHE 4 Gln WS, 7
SR K 0.75 g/kg (bw); TEST 24 h 5 HS 4
1 GLN 047 4 h 2 MEIRALEE (40 °C+1 C,
AR 65%), CON 4HAYE T 22 C+1 C &AF
T o IR HAR I R AT R R
1.2 FEACRAE

PR EE S, BASE R BEALER 3 R4k
BE, 43 AR EEAS S PTREE BOR Sk, 4 1
AU, —20 C ARAARRI . B fo s B
B, HEYE RIS BT T, WA
HARAE, 555280 °C R,
1.3 IR bR E

MEFEAr: LDH, CK., Ty, T4 Ml CORT;
M3EFEHR: DAO, DLA, HH1 CK., LDH 4 H
AL MG TN 2 (Beckman Coulter, 32[H),
Ty, Ty R A4 A 32 K605 B A Tl
%€ (Beckman Coulter, 3¢[), CORT, DAO. DLA
FIH EEFRUFEF T (BioTek, £, LA iR
&% CORT, DAO. DLA Wy g st ik T/
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W AT LLAL, H 47 H 26 [E Beckman Coulter 45
FRAE], B R UL 1517 .
1.4l bR B HSP70 2 % %5 % ek 5% 3L A
(R IE KT 2

Ph GAPDH JWNZH:H, 2 M8 GenBank

HSP70. Occludin, Claudin 1% ZO-1%& [H 11y
mRNA JF%), iz Primer Premier 5.0 %iT514,
NCBI BLAST 7385 |05 5tk S8 )5 A= T AR
TR (i) A RAR RSB G . T
ST HIIZE 1,

&1 51955

Tab. 1 Primer sequences

FE[K gene FE K ID gene ID 5197 %) primer sequence 724 /bp product size
F: 5-GGAGACAAGTCCGAGAAT-3'

HSP70 NM_198892.1 335
R: 5-GGAGGGATGCCTGTTAGA-3'
F: 5'-ACAGCAGCAGCACTTACCTCAAC-3'

Occludin XM _013199669.1 109
R: 5'-AGGCAGAGCAGGAGGACGATG-3'
F: 5-GACCAGGTGAAGAAGATGCGGATG-3'

Claudin 1 XM _013199194.1 107
R: 5'-CGAGCCACTCTGTTGCCATACC-3'
F: 5'-“GAGCCTTCAGACCATTCCAGACATTC-3'

Z0-1 XM 013177404.1 155
R: 5-TCGCCTGCCACCTCTTCCATAG-3'
F: 5-GGTGGTGCTAAGCGTGTCAT-3'

GAPDH XM_013199522.1 179

R: 5-CCCTCCACAATGCCAAAGTT-3'

. FLOIERSIY; RORMAEIY.
Note: F. forward primer; R. reverse primer.

B A TR AR AT S A B, i IR
Trizol i&] (Invitrogen, 3[E) Ui E1T 5 RNA
AL, F R 28 28536 EETT (Thermo Nano
Drop2000, 3% [) Kl g RNA Bk Je i . B
A7 ODig0 un/OD1gg nm T4 1.8~2.0 [ i i 47 2
8 5% . & M8 PrimerScript™ RT Reagent Kit with
gDNA Eraser (TaKaRa, Japan) 15 B 5K A5 5 5%
4 cDNA, %1l PCR {UHEATRER B 7, [k
S 30 °C 15 min SO s R, 85 °C BRI
5s, 4 °C 458,

K iQ™ SYBR® Green Supermix (BIO-RAD,
% [E) T StepOne Plus7500 52 i 2% Y 5 1= 43 M1 AL
(Applied Biosystems, &) {79 B .
MK Z A 20 uL: iQ™ SYBR® Green supermix
(2x)10uL, ERFS 9045 0.6 uL, cDNA iz 2 uL,
TohEK 6.8 pLo SEIHEGE BN A 95 C
3 min WAEE, 95 °C 15 s 251, 60 C 30 siB K,
40 MEH, 60 °C 30 ZEAH, 4 C A7, FIXHIEA
I — ik 5 o-aack A T RO A 140 AT
1.5 =M 1R HSP70 K B &GS E A
[RZRIE K- 5

B — 7 i WL ZURE i TR A S e B = B0
B, A RIPA 24 (BN T2, ) 55—
Y AR B R PR EUE AR T, BCA i

& (Thermo, FE[E) MEREM BEHWE ., HE
F e 22 N3 v (Western-blot) I & A G EE FI 2 1A7K
. F]H Kodak Molecular Imaging Systems # 17
EI& R4, Quality One 3 {4 347 8 11 K BEAE 43
Br, |EAMEXFREHEHWEAKEBENSEA
IRBEAE R
L6 HdEgtit ot

IR H K H] IBM SPASS Statistic 19 #1712
K438, H Duncan’s ¥Ei#E1 72 5 1 3% LU 43
Mr, Z5SRHEEEPREZ (meantSD) KR .

2 BRGNS

2.1 Gln SRS AR R M8 AR 1 R

HH 3% 2 AT . Gln AT A3 RS2 fiff F N IO 75 AR
RS MRS AR 52 . FONBUT 80 CK. LDH
T4« CORT, DAO #ll DLA /K- % 7+, 78
FEEST Gln J5 ¥ B % T, Hrp DAO #1 DLA
PR 3 T X} BRLH K-
2.2 Gln X RSB KBRS 1 HSP70 A K% %
PEHI S K] mRNA 254 B 50

w1 TR s AN AL S = B HSP70
mRNA £k & m (P<0.01), {4 Gln J5 i
— S T HSP70 mRNA [HE 3k (P<0.01); 5
XFRRLHAIEL , PV AL BB R T Claudin 1.
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Tab. 2 Effect of Glutamine on blood index of heat stressed Jilin white goose

TH item CON HS GLN
CK/(IU-L™) 710.76+117.84 Aa 3813.27+153.43 Bb 1075.84459.59 Ac
LDH/(IU-L™) 220.34+38.53 Aa 1012.4+111.4 Bb 415.97+83.2 Ac
T,/(nmol-L™") 19+1.49 Aa 56.23+1.72 Bb 38.55+0.55 Cc
Ty/(nmol-L™) 2.3240.37 Aa 2.3£0.14 Aa 3.28+0.39 Bb
CORT/(ng'mL™") 35.54+2.77 Aa 114.08+4.69 Bb 71.92+3.12 Ce
DAO/(ng-mL™) 17.92+0.58 Aa 21.214+0.64 Bb 18.31+1.5 Aa
DLA/(mmol-L™") 6.4+0.23 Aa 8.57+0.97 Ab 6.4+0.1 Aa

i FTEE AR RN TR R E R R (P<0.05), FNRAKEFRERREREWRE S (P<0.01); T,

Note: The difference between the lowercase letters of the peer data were significant (P<0.05), and the difference between the uppercase letters were

extremely significant (P<0.01); the same as below.

Occludin F1 ZO-1 ) mRNA % ik (P<0.01), {B{F
B Gln 7] i 5 4 v L oA 4 A O B R ) ik
K- (P<0.01).

8 -

mRNA A%} FiE &

relative mRNA expression

HSPS70

Claudin Occludin Z0-1

I RE/NEFRCRZEREE (P<0.05), RFEKEFHFEREFH]
3 (P<0.01); FIAl,

Note: Different lowercase mean significant different (P<0.05), different
capitals mean extremely significant difference (P<0.01); the same as below.

E 1 EE mRNA B3 RER
Fig. 1 Relative expression of mRNA gene

2.3 Gln XFMNEGE MR ARG HSP70 K% 1E
FEAR D ER AR R IE KT HI 5

M 2. 3R L. HSP70 Fl'% % % 42 A
Claudin 1. Occludin 1 ZO-1 % 47K F iRk
15 005 R A AR —3 . Gln "5V 34
#5 HSP70 75 |11 55 351k (P<0.01), oA e w5 A
FRONE T Bk 2T B Y R % B8R 1 Claudin 1,
Occludin, ZO-1 fHE FFRIEAKF (P<0.01),

3 g
L /NIIRIE R A aI LYREN L /IR AW P& A
B A BALRE IR &0 B BRI B AR, CK O —

an B R SEER, RE A T O B LR 4
PR, CK5 S 3G T S I SO 0T — 6 2 24 i

CON HS GLN

HSP70

Claudin 1

Occludin

Z0-1

p-actin

2 Western-blot 455
Fig. 2 Results of Western-blot

150
Il coN
[_us

1ok Ce I GLN

A FRIE &
relative protine expression

HSPS70

Claudin 1 Occludin Z0-1

3 EREMREE

Fig. 3 Relative protein expression
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ZEXHRLE K-, A L, Gin fE A —Fh BN
PR T A R R ARG v rh RS A, TR BILAR
1R, ZMFEPRETR Y, WRR & HH
aE R

R AR AR R R T R . B
. MRk T — e EEE bR, IR R T
PR B E AR 7 2 K IR o 5 4 it 1) B ) 9 el
RPN B I R W G R R SR PR B B
e, RN R, 0T KF,
SEE RN B RE R ARG, Hrh—2i
B SREIE, ) — e B IR
TN R PR, B E AR K EEH
Claudin, Occludin. #3#%Z%5/}4rF (junction adhe-
sion moleucule, JAMs) M ZO ZHi%*, CHEN %Y
S /NERIEAT D IR SR, HER S SRR
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HEREE KPR A TS S, SEUMNR
W b Kz Bt WE Az 5 38 i PR G 5RO YAN S5 PRI
TURNERPML53 HI7E SCER PRI . JRBRSEAF T 5
PR A 0T R AR R LA I 1 A R
BN, R B b e B I R o R
W5 XING SEP%F W A48 iAo 3R 00 . ket rp
NN Gln AT EAT44 18 % 2 5 1 mRNA BIR
B, BRAPE I EE T, (R &
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KIN: Gln W] LI B ff /N Bl G BES R 1) 18
45, AN AT LABH K 28537 1N U 8 328 3
45 i vh B R M Bk 5 R A A s i
YANG 5P E S h & B L e B B D) e b s 5

HSP70 & /K P2 PIAE G, H45 JHIE 5 HSP70
) JE AT LR B b RS D RE R AR BT E R
=X, HSP70 TiAbHE AT & 2 B A TR i 5 230
i 3 3 37 R N R R, LIU 257 2558 g iR
T HSP70 i#i i3 Z 0 A= Yy fig e 7 18 Bt B D) R i)
FHICARA AL

ARAFFELE R R ARG T PN S AL 3
J&, HSP70 mRNA FIEE FRBH W ET 5, N
MUATE I 32 W 25 A 32 1 d HSP70 ik DL g i
N A, S Gin J5 3G — 0 B E i T
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£ HSP70 iK1 T/, Wl AE #0551k T 12
fifi HSP70 KA 35 LIAT 40 F AR A 9 2
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4 #ip

HE R 5 Gln W] G2 i FR oG R 1l v CKCL
LDH., DAO. DLA. CORT Fl T, 7K ¥ ) 5 W ;
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